ABSTRACT This study assesses the contribution of smoking to all-cause mortality among a primarily minority cohort of urban transit operators. Survey and medical exam data, obtained from 1,785 workers (61% African American; 9% female) who participated in the 1983-1985 San Francisco MUNI Health and Safety Study, were matched against state and national death records through 2000. At baseline, approximately 45% of the workers were current smokers, 30% were former smokers, and 25% had never smoked. Covariates were demographic factors (gender, age, race/ethnicity) and alcohol use (average number of drinks per week). There were 198 deaths during the follow-up period. Kaplan-Meier survival analysis indicated that the probability of survival did not differ between former and current smokers, but was significantly lower compared to never smokers (pG0.001). Data were further analyzed using Cox regression with age, gender, race/ethnicity, years of smoking, and average weekly number of drinks as predictors of mortality. The results showed that years of smoking significantly contributed to mortality (hazard ratio [HR]=1.023; pG0.001). Compared to AsianAmerican transit operators, elevated mortality risk was observed for African-American operators (HR=2.78, pG0.01) and white operators (HR=2.93, pG0.01). Gender and average weekly number of drinks were not significantly associated with mortality. Although rates of smoking have declined over the past two decades among blue-collar workers, elevated prevalence of former smoking will likely contribute to excess mortality among blue-collar populations.
INTRODUCTION
In this study, we analyze a cohort of San Francisco municipal transit operators, followed for approximately 15 years, to determine differences in mortality over time in regard to smoking history, alcohol consumption, and possibly related covariates. Bus drivers, in general, have higher rates of mortality, morbidity, and absence because of illness when compared to employees from a wide range of other occupational groups. [1] [2] [3] [4] Specifically, morbidity and mortality were found to be higher for bus drivers compared to other occupations in three general areas: cardiovascular disease, gastrointestinal disease, and musculoskeletal problems. 1, 3 Increased disease rates have been found for drivers regardless of the use of different research methodologies, measurement techniques, and comparison groups. 1 The possibility of a "healthy worker effect" may actually help to underestimate this result. 4 Such findings have been found for bus driving in different countries and driving contexts. 2, 5 Issues such as job stress, both physical and psychological, and the sedentary nature of the job may have some role to play. 6, 7 Alcohol consumption has been shown to both be a risk factor for heart disease and preventative for heart disease as well as mortality. [8] [9] [10] [11] It is difficult to disentangle the exact point in which consumption amounts and behavior shifts from being protective to a risk factor for heart disease and mortality. 10 In addition, the positive coping effects of alcohol may exist in parallel to more negative effects. At present, the literature showing that problem drinking is associated with higher levels of heart disease and mortality is much less ambiguous than that showing any protective effects of alcohol on overall health. 12 This is of particular relevance for transit operators, as alcohol consumption has also been found to be related positively to both job dissatisfaction and employment tenure. 13 Job stress was also found to be positively related to alcohol consumption. Heavy drinking has been reported to increase as the length of employment increases. When other forms of coping are not available, alcohol consumption has been suggested as a "coping" strategy used by bus drivers. Self-reported strain reactions were also found to be positively related to alcohol consumption lending some credence to the notion that alcohol use as a form of coping helps to mitigate the effects of strain. Job monotony for bus drivers has been found to be correlated with volume of drinking and alcohol and dependency. 14 Cunradi et al. found that alcohol dependency among bus drivers is related to job burnout. 15 Similarly, increased smoking among urban transit operators has also been linked to on-the-job strain. 14, 16 Relative to workers in white-collar and professional occupations, rates of smoking among transit and motor vehicle operators have been found to be elevated. For example, respondents who were classified as motor vehicle operators in the third National Health and Nutrition Examination Survey (NHANES III), conducted from 1988 to 1994, had an estimated smoking prevalence of 41.5%. 17 In contrast, those classified as machine operators had an estimated smoking prevalence of 34.2%; freight, stock, and material movers had an estimated smoking prevalence of 25.2%; and the smoking prevalence of teachers was estimated at 12.2%. Although it is well-established that smoking is the main cause of lung cancer incidence and mortality, few studies have conducted longitudinal follow-up to assess all-cause mortality among blue-collar occupational cohorts in which the role of smoking and alcohol use are accounted for. This study assessed the contribution of smoking to all-cause mortality among a cohort of predominately minority male and female urban transit operators. Results from several general population studies suggest that there may be important gender and racial/ethnic differences in mortality associated with smoking and level of alcohol consumption. [18] [19] [20] [21] For example, Greenfield et al. reported that specific drinking patterns for men (e.g., more than six drinks per day; former drinker with heavy drinking occasions) showed an increased risk for mortality; the impact of smoking was marginally significant. 19 For women, the impact of alcohol was not significant, but smoking showed an increased risk for mortality. Rehm et al. found that alcohol intake and smoking increased mortality in a longitudinal study based on a community sample in rural Bavaria. 20 In an analysis of NHANES I data with follow-up to 1992, Sempos et al. found no protective effect of moderate drinking on all-cause mortality adjusting for smoking status among African-American males and females. 21 Although a great deal of research has been done among male drivers, there is little prospective research and, of these studies, there are few which also includes female drivers. Moreover, the minority population, the blue-collar urban transit setting and the length of follow-up are unique in the literature and may help to understand the role of smoking in a stressful occupational setting.
METHODS

Sample and Data Collection
The sample for this study is based on a cohort of transit operators employed by the San Francisco Municipal Railway (MUNI). The details of the data collection process and the algorithm for inclusion in the study sample are described elsewhere and are summarized below. 22 The current study's human subjects' protocol was approved by the Institutional Review Board of the Pacific Institute for Research and Evaluation.
The first step in the data collection was part of a state-mandated commercial driver's license renewal examination at the Center for Municipal Occupational Safety and Health (CMOSH) clinic. All operators who underwent their mandatory biennial exam between December 1983 and September 1985 were eligible to participate. A total of 1,871 operators completed a self-reported health questionnaire, which was reviewed with a medical examiner, and each driver then received a complete physical examination. The second part of the data collection was conducted after the operator underwent a relicensing medical examination. At the request of the research staff, 1,450 operators agreed to complete a confidential, selfadministered occupational and psychosocial questionnaire (77.5% response rate). These data were then matched against state and national death records obtained from the National Death Index through the year 2000. Complete data were available for 1,785 workers.
Baseline variables included age, gender, self-reported race/ethnicity (African American; white; Hispanic; Asian, Pacific Islander, or Filipino; and other), current smoking status (current smoker; former smoker; never smoker), total years smoked, and mean drinks per week. The mean drinks per week was calculated based on the self-reported number of drinks of wine, beer, and liquor consumed in an average week. Heavy drinking among MUNI transit operators has been defined as drinking 15 or more drinks per week. 13, 22 This is in contrast to the NIAAA definition of moderate drinking, which is no more than one drink per day for women and two drinks per day for men.
Analytic Strategy
Kaplan-Meier survival analysis was conducted to assess the probability of survival based on smoking status (current, former, never). Next, a multivariate proportional hazard model (Cox regression) was used to estimate the relative risk of death for each variable, taking into account all other covariates. Covariates included in the analysis were demographic factors (gender, age, race/ethnicity), years of smoking, and alcohol use (average number of drinks per week).
RESULTS
Sample characteristics are shown in Table 1 . Approximately 61% of the study sample was African American, and 9% were female. At baseline, approximately 45% of the workers were current smokers, 30% were former smokers, and 25% had never smoked.
There were 198 deaths during the follow-up period. Kaplan-Meier survival analysis (Figure 1 ) indicated that the probability of survival did not differ between former and current smokers, but was significantly lower compared to never smokers (pG0.001). Data were further analyzed using Cox regression with age, gender, race/ ethnicity, years of smoking, and average weekly alcohol use as predictors of mortality. The results (Table 2) showed that years of smoking significantly contributed to mortality (hazard ratio [HR]=1.023; pG0.001). Compared to Asian-American transit operators, elevated mortality risk was observed for African-American operators (HR=2.78, pG0.01) and white operators (HR=2.93, pG0.01). Gender and average weekly number of drinks were not significantly associated with mortality. Additional analyses (data not shown) indicated that there was no interaction between smoking and drinking.
DISCUSSION
We found that ex-smokers and current smokers had similar and significantly lower survival than those who never smoked. The lack of a difference in survival between ex-smokers and current smokers could be a function of several issues such as a "healthy smoker effect" whereby ex-smokers could have quit not just for the obvious reasons of good health derived from not smoking, but because they were in relatively poorer health as a result of smoking-related problems. The increased risk found for Caucasians and African-Americans compared to other ethnic groups when controlling for a range of covariates suggests that racial/ethnic/cultural issues may be involved in stress and coping differentially or that there is a specific selection effect that is occurring across these categories. The lack of significant results for alcohol use could be a function of the ambiguous positive and negative effects alcohol has on mortality and cardiovascular health. The possible protective effects of drinking to cope, a precarious claim, can, even if actually present, be attenuated or reversed by the negative effects of alcohol abuse or heavy drinking. Age was found to be positively related to mortality and this is also an interesting finding. On one level, it is clear that older people are more subject to risk of death than younger people; nevertheless, there is a healthy worker effect that might also be at play in which those who remain on the job are healthier than those who stopped working. Such an effect is often seen in the literature and if present here may be attenuating the significant positive effect observed. Although rates of smoking have declined over the past two decades among bluecollar workers, the elevated prevalence of former smoking will likely continue to contribute to excess mortality among some blue-collar populations, such as urban transit operators.
Limitations and Strengths
Although the cohort included female transit operators, there were relatively few women involved; thus, there might not be enough statistical power to detect actual differences if they do exist. Furthermore, although the alcohol measures are relatively common in the literature, they might not be specific or in-depth enough to discern differences. In addition, the long interval between assessment times may not properly assess changes in alcohol behavior within this time frame.
Another limitation of the study is that more detailed smoking information, such as cigarette brand or type (e.g., mentholated vs. nonmentholated), were not available. In addition, the course of smoking throughout the follow-up period is unknown. Heavier smokers may get sick at a younger age than those who smoke less. Such smokers may be exposed or experience job stress more strongly than other types of smokers and nonsmokers. Alternately, heavy smokers could be attracted to Because such smokers may not stay in the cohort as long as others, there may be an attenuation of effect; thus, we might expect to see even larger differences between smokers and nonsmokers than found. The fact that differences were still found given the relatively crude measure of smoking gives some credence to the notion that a significant effect exists. Occupational exposures may have changed over time of employment. At the time of the original data collection, the overwhelming majority of transit operators operated diesel buses or buses and trolley coaches powered by overhead electric lines. 22 A smaller number operated light rail vehicles and cable cars. Job assignments are largely a function of seniority and these positions will change over time. It is plausible that the effect of these occupational exposures on mortality could vary. Indeed, those who are in the system longer will most likely choose relatively less stressful jobs as they become available. The assumption is that this process is generalized throughout the course of employment across all employees. That is, everyone or almost everyone will go from a relatively higher stress to a relatively lower stress position. Those who stay at relatively higher stress positions may do so because they may not feel the stress the same way, but again, the assumption is that most people will tend toward less stressful jobs.
The alcohol measure used, drinks per week, is admittedly crude. More detailed alcohol data was not available in this data set, and ideally, we would have obtained information on quantity and frequency of drinking, distribution of drinking pattern over the week, and alcohol content. This relatively general measure could have allowed for more variation than with a more specific alcohol measure/group of measures making it more difficult to determine statistical significance. A more detailed alcohol consumption measure should be included in future research.
Notwithstanding such issues, this study is one of the first to attempt to relate behavioral factors such as smoking and alcohol use to overall mortality in a bluecollar occupational cohort setting. The distinct differences in survival curves found between smokers and nonsmokers may point to stress and coping issues that can be addressed in future research.
